By means of restriction fragment length polymorphism (RFLP) analyses of RT-PCR products we have recently demonstrated the existence of two major strain groups of beet necrotic yellow vein virus (BNYVV) which were named type A and type B (Kruse et al., 1994) . The B-type was detected mainly in France and Germany, while the A-type was found in most other countries. The restriction patterns obtained for the B-type corresponded to those which were to be expected from the nucleotide (nt) sequences published by Bouzoubaa et al. (1985 Bouzoubaa et al. ( , 1986 Bouzoubaa et al. ( , 1987 for the French BNYVV isolates F2/F13. The restriction patterns obtained for the A-type, however, were in agreement with those to be expected from the nt sequences of RNAs 3 and 4 of isolate G1 (Bouzoubaa et al., 1985) , the coat protein gene region on RNA 2 of isolates from Belgium, former Czechoslovakia and former Yugoslavia (Yu2) (Meulewater et al., 1989; Kruse et al., 1994) and the triple gene block region on RNA 2 of isolate Yu2 (Kruse et al., 1994) . The G1 isolate studied by Bouzoubaa et al. (1985) probably does not originate from Germany, but possibly from former Yugoslavia (Kruse et al., 1994) . The small number of amino acid exchanges that occur in the coat protein regions of the A-and the B-types and of a deviating isolate from China lie outside the four antigenic regions which we have identified previously (Commandeur et al., * Author for correspondence. Fax +49 531 299 3006. e-mail r.koenig @ bba.d400.de 1994). This might explain the lack of serological differences between strain groups of BNYVV (Kruse et al., 1994) .
RFLP analyses have several disadvantages: they are labour-intensive, mixed infections may not be detected reliably (because RT-PCR products at low concentrations may be cleaved incompletely) and mutations are recognized only when they occur in the recognition sequences of the restriction endonucleases. Analyses of single-strand conformation polymorphisms (SSCP) have been shown to be a powerful alternative for the detection of genome differences (Orita et al., 1989) . When the + and -strands of a dsDNA, usually a PCR product, are separated by heat treatment they attain metastable sequence-specific folded structures conferring on them particular electrophoretic mobilities in non-denaturing polyacrylamide gels. Even single nt exchanges have been reported to be detectable (Orita et al., 1989) . We have used a non-radioisotopic variant of SSCP analysispreceded by immunocapture (IC) RT-PCR (Nolasco et al., 1993) -in order to compare the genome properties of BNYVV from more than a hundred sugarbeet samples received from Europe and abroad.
The beards from rhizomania-affected sugarbeet were harvested and ground in 20 vols of ELISA sample buffer (Clark & Adams, 1977) . Save-lock tubes (Eppendorf 500 lal) were precoated with anti-BNYVV ~-globulin as in ELISA, washed with ELISA washing buffer (Clark & Adams, 1977) , filled with 150 ~tl of the homogenate obtained from the root beards, incubated overnight at 0001-3220 © 1995 SGM 4 °C, washed twice with ELISA washing buffer, once with phosphate-buffered saline and once with distilled water, the tubes were then were filled with annealing mix for cDNA synthesis [0-7 gl 100 laM-oligo(dT), 1.7 gl 20 x SSC and 64.6 gl of water], heated for 5 min at 65 °C and slowly cooled to 20 °C. Reverse transcriptase Superscript II (GIBCO-BRL) was used for directly synthesizing cDNA in these tubes in a final volume of 100 gl (Nolasco et al., 1993) ; 2 to 5 gl aliquots of these cDNA preparations were used for PCR with 20-mer oligonucleotide primers designed to amplify various regions on BNYVV RNAs 1 to 4 (Table 1) . RT-PCR products were denatured by heating for 5 rain at 70 °C in an equal volume of formamide containing 20 mM-EDTA, 0.1% bromophenol blue and 0.1% xylene cyanol and immediately cooled on ice. Electrophoresis in 10 % or 12 % polyacrylamide/bisacrylamide gels (ratio 49: 1) was done overnight at 250 V in a Hoefer Scientific SE600 apparatus (160 x 140 x 0"75 mm) with 0-5 x TBE buffer pH 8.3 (45 mM-Tris, 45 mM-borate, 1 mM-EDTA) at 18 °C (Oto et al., 1993) . The buffer was circulated between the upper and lower buffer chambers. After electrophoresis the gels were silver-stained as described by Bassam et al. (1991) .
Preliminary experiments indicated that under the electrophoresis conditions described RT-PCR products of approximately 250 to 850 bp were most suitable for SSCP analysis. Various primer combinations were used for obtaining PCR products of the desired size for different regions of BNYVV RNAs 1 to 4. With the majority of these PCR products the A-and B-types of BNYVV were readily distinguished in SSCP tests (Table  1 , Fig. 1 ). However, with a few genome areas, e.g. nt 429-696 on RNA 2 and nt 87-459 or 228-613 on RNA 4, a distinction between the A-and the B types -in spite of several base exchanges -was not achieved under our experimental conditions. On RNA 2 the area nt 429-696, which does not allow differentiation of the A-and Btypes, contains the same number ofnt exchanges (i.e. 15) as does the area nt 2950-3398 which allows excellent differentiation (Table 1 ). These observations confirm those made by others that the effect of nt changes on electrophoretic mobility is difficult to predict and that some sequence changes may not appreciably affect the mobility (e.g. Orita et al., 1989; Takahashi-Fujii et al., 1993) .
For screening more than a hundred sugarbeet samples received from various parts of Europe (especially France, (Fig. 1) . SSCP analyses confirmed the results of our previous R F L P studies (Kruse et al., 1994) which showed that in most countries the A-type, but in France and Germany the B-type of BNYVV is prevalent. The simultaneous appearance of the patterns of the A-and the B-types ( A in Fig. 1 ) suggested the occurrence of mixed infections in some fields, especially in France, Germany and Italy. Judged from the intensity of the bands in such mixed infections the R N A s which were typical of a certain region usually occurred at higher concentrations than the RNAs which were not typical for that region. An example for a mixed infection in which all four RNAs occurred in about equal concentrations is shown in Fig. l(a d) , lanes 10. Quite often mixed infections were detected only for one or two of the four BNYVV RNAs, most frequently RNAs 2 or 3 (e.g. Fig. 1, lanes tl) , whereas the other RNAs in the respective sample seemed to belong only to the BNYVV type which was typical for the area from which the material was received. Such cases were observed especially in areas in Germany and France where B-type infections are prevalent, indicating perhaps that the four RNAs of the A-type (which was probably introduced later) may differ in their ability to compete with the RNAs of the already established B-type. The analysis of samples from four new outbreaks in Great Britain where rhizomania has been introduced only recently revealed that the A-type of BNYVV was present in fields in the Thetford area (Fig. 1 a-d, lanes 9) , the B-type on a field in the West Stow area with R N A 3 giving both the A-and B-type patterns (Fig. 1 a-d With some sugarbeet samples deviating SSCP patterns (A in Fig. 1 ) indicated the presence of mutated forms of the A-or B-type. Such mutations were usually observed only for one of the four BNYVV RNAs in a given sample and only in beets from one field, but not from others in the same geographical area. This suggests the existence of minor variants of the A-or the B-types with very limited distributions. On the whole, the A-and the B-types seemed to be very stable.
In view of these observations it was surprising that all 12 sugarbeet samples received in different years from an area extending to a radius of about 20 km around the French town of Pithiviers yielded, with the primer pairs used routinely, deviating SSCP patterns for all four BNYVV RNAs (Fig. 1 a-d, lanes 2) . This suggests that a so far unrecognized strain group which we named P-type is present in this area which is surrounded to the north (Somme, Oise, Ardennes), east (Marne, Aube, C6te d'Or), west (Eure et Loire) and south (Puy de D6me) by areas in which the B-type is prevalent. Some of the samples from the Pithiviers area were also superinfected by the B-or A-type. In view of the above-mentioned genome stability of the A-and B-types and a recent observation that an additional small RNA speciespossibly analogous to RNA 5 described in Japan (Tamada et al., 1989) -was always present in beets infected with the P-type, but not in those infected with the A-or B-type (A.M. Haeberl6 & R. Koenig, unpublished) it is unlikely that the P-type has evolved as a minor variant of the A-or B-type. In an ev :lutionary sense the P-type may be older than the A-ant B-types of BNYVV, because it seems more likely for 'n ancestral BNYVV to lose an RNA species than to acquire one. As we have discussed previously (Kruse et al., 1994 ) the Aand B-types of BNYVV and thus also the P-type probably evolved in unknown hosts long before they infected sugarbeet. The origin of the P-type in the Pithiviers area where rhizomania is known to be especially severe and Collar symptoms are observed frequently (Richard-Molard, 1987 ) remains obscure. Rhizomania was first detected in this area in the middle of the 1970s, i.e. at about the same time as it was detected in other parts of France where the B-type occurs. Sequencing studies are now under way to determine the percentage of nt exchanges by which the P-type differs from the A-and B-types.
A limited number of samples obtained from several sugarbeet growing areas in China yielded various other deviating SSCP patterns (e.g. as shown for the NM isolate from Inner Mongolia in Fig. 1 a-d, lanes 1 ). This suggests that additional strains or substrains may be present in this part of the world.
The results in this paper indicate that SSCP analyses, which are much less time-consuming than the RFLP analyses which we had used in our earlier experiments (Kruse et al., 1994) , are a convenient tool for assigning BNYVV sources to a certain strain group as well as for detecting mixed infections, minor variants or new strain groups of the virus. It is suggested that this method should be of general use for large-scale comparative studies on the genomes of other viruses and especially for the differentiation of serologically indistinguishable strains.
